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ABSTRACT

Acid hydrolysis of cellulosics will result in-solutions of glucose and xylose contam-
inated by the acid. Neutralization with lime will remove most of the sulfuric acid in
the form of precipitated gypsum but a sufficient amount of caleiumn ions will remain in
the solution. The calcium ions are inhibitory towards xylose isomerase enzyme which
is sometimes employed to convert xylose to xylulose to be fermented to ethanol.
Removal of the acid catalysts by a solid resin adsorbent will therefore help to avoid
this problem of inhibition. A class of polymers (PA-polyamine) have been used to
remove acids from the sugar solution. '

This work was partially supported by SERI through a subcontract which was ter-
minated on July 31, 1987. The project is currently carried on with limited Purdue
internal support.
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‘ACID RECOVERY ON POLYAMINE

I. INTRODUCTION v

__ A 2- -stage acid’ hydrolysis process was developed at Purdue University. As shown
" if the flow ‘diagram in Figure 1, a ‘mixture of glucose and xylose will be contaminated
by the acid catalyst (sulfuric acid) in the final hydrolyzate. Neutralization with lime
will remove most of the sulfuric acid as precipitated gypsum. However, a sufficient
amount of calcium ions will remain in the sugar solution.

Xylose can be converted into ethanol if it is first isomerized by xylose isomerase to
. form xylulose (Gong et al. 1987; and Chiang et al. 1981). A coupled enzymatic isomer-
ization and yeast fermentation will allow us to convert both xylose and glucose into
ethanol (Rodriguez 1983).

Xylose isomerase which is more commonly known as glucose isomerase becomes
unstable in the presence of calecium ions. Lime neutralization of sulfuric acid is there-
fore not a totally acceptable processing method if the xylose is intended to be con-

verted to ethanol via xylulose. Removal of the acid by a solid adsorbent would be a
useful alternative method.

A class of solid polymeric amine (PA) has been synthesized. They can adsorb a
rather large amount of mineral acids as well as organic acids.

II. EXPERIMENTAL DESCRIPTION

Figure 2 shows the experimental arrangement of the column system used to deter-
mine adsorption/desorption properties. A Milton Roy model NSI-33R pump provides a
steady flow rate. A 5 microliter pulse of the sample solution was created by using a
Rheodyne model 70-10 loop-injection valve positioned between an Ace 1x30 ¢m column
and a Waters R-401 differential refractometer. The elution volume was measured by
collecting the column effluent in a graduated cylinder. The column temperature was
maintained by a Haake model FE water bath pump. An Instrumentation Specialties
model 1200 fraction collector was used to collect the column effluent for further
analysis.

A dilute aqueous solution containing 1-10 weight percent of desired material is
transferred to the adsorption zone downward. The particle size of the resin in fixed-
bed is not critical, the smaller particle size being preferred because the efficiency of
sorption is related in part to the available surface area of the resin. In general, an
average particle size from about 20 to 300 mesh, and preferably, from about 40 to 150
mesh provides good results. The quantities of resin used can vary widely if factors
such as the concentration of desired material in the feed, the volume of the feed and
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its flow rate, the temperatures of the feed and sorption zone, contact time of the feed
with the resin, and other similar factors are taken into account.

The cross-linked PA resin particles are insoluble in all solvents; their use simplified
product isolation and reduces contamination of effluent streams. The PA hard granu-
lar particles resist atirition due to abrasion and osmotic shock. This in addition to its
good temperature stability allows the resin to be recycled many times.

The capacity of cross-linked PA resins to adsorb desired material from a dilute

.aqueous solution was tested. The adsorption isotherm was determined over the com-_ ... .

centration range of 1% to 10% by weight. The experiments were conducted by equili-
brating 1.0 g portions of resin with 10 ml volumes of aqueous desired material of vari-
ous concen%tra.tions. The mixtures were allowed to stand for 20 hours with occasional
stirring. f‘\_na.lysis was made by introducing the supernatant liquid into a liquid
chromatographic apparatus. The relative amount of desired material adsorbed was
determined from the difference between the initial amount before adsorption and the
final amoujnt. The following mass balance equations demonstrate the calculation
method {or adsorbability.

PViCom 0V, Cf + MX (1)

p.ViCi = p,V,C
+ I B |

Y
.

x o 2O @)
where
| the initial concentration of solution (% by wt.)

C; = the final concentration of solution (% by wt.)

M = the weight of dry resin (g)

v, = the initial volume of solution before adsorption (rnl)

V, = the final volume of solution after adsorption (ml)

X = the weight of desired material adsorbed per gram of dry resin (g/g)

#i = the initial density of solution (g/ml)

p; = the final density of solution (g/mi)

Since the resin is porous, swelling may be expected and the amount of solution

adsorbed by a gram of dry resin has to be determined. Several approaches can be
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used to measure the final solution volume after adsorption. Therefore, the amount of
solution adsorbed by a gram of dry resin will be known from the difference of solution
amounts before and after adsorption.

The first approach is to use a centrifuging apparatus to separate the resins from
the surrounding sciution. The second method is to utilize suction filtration so that the
solution among particles can be removed (see Figure 3). Before filtration was applied,
the fritted funnel and the empty fask were weighed. After suction filtration was done,
the fritted funnel with wet resin and the flask with filtrate were reweighed. The wet

weighed. From the weight difference between wet resin and dry resin, the amount of
solution adsorbed per gram of dry resin used can be calculated. Furthermore, this
uptake value may be checked by the weight difference between the initial solution and
the final filtrate.

The third approach is based on frontal analysis in order to evaluate the column
adsorption capaciiy. The procedure involves packing the resin in a column which is

initially filled with pure solvent. A solution containing one or more solutes is continu-

ously fed into the column. The total solute concentration of the effluent from the
column is measured and plotted as a function of the elution volume. An example of a
breakthrough curve is given in Figure 4. The shaded volume collected between V, and
V, in this figure is the amount of solution which has been stripped of its soluté. When
the concentration of solute in the effluent levels off and equals the solute concentration
being introduced into the column, the amount of the adsorbed material will be in
equilibrium with the concentration in the eluate. The adsorption isotherm can be

plotted from a series of breakthrough curves produced by using different inlet concen-
trations.

With the apparatus set up in Figure 2, the dead volume and elution volume were
determined. The resin adsorption capacity of desired material can be calculated by
the following equazion.

_ CI Py (VI -V,
x= GolizVy ®)

where
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C, = the feed concentration (% by wt.)

M = the weight of the dry resin packed into column (g)

v, =1 the deal volume (ml) 5
V, = the elution volume (ml)

== ﬂ'.hewverghbmf sdesired material-adserbed-per gram-of -dry resin-used-{g /g) -

\
|
oy --—-j the density of feed solution (g/ml)
|
|

The comparison of the resin capacities between a batch and a columnn system was
made. The agreement of resin adsorption capacities offers an assurance of the deter-

mination fc‘;r the solution amount adsorbed by per gram of dry resin.

|
\
| .
'II. RESULTS

A, Adsorpi:fion Capacity of PA Restns

1. Mineral Acids. The adsorption isotherm of hydrochloric acid has been deter-
mined. Thlis Langmuir-type isotherm is shown in Figure 5. The equilibrium constants
K, and K, are determined as 1.170 and 3.331, respectively. The equation of the hydro-

chloric acid adsorption equilibrium isotherm is

1.170 C

X _ _1170C
M~ 1.+3331C

The eflect ;of temperature on hydrochloric acid adsorption has been studied. As the
temperature goes up, the adsorbability increases (see Figure 6). The adsorption isoth-
erm for sulfuric acid by the PA resins is shown in Figure 7.

2. Organic Acid. As shown in Figure 8, lactic acid can also be readily adsorbed by
PA resins. | The results in Figure 9 also indicate that the adsorbed lactic acid can be
recovered by elution with sulfuric acid.

IV. DISCUSSION AND FUTURE WORK

This project started out as an effort for recyeling sulfuric acid from acid hydro-
lyzate of cellulosics. While we are completely successful in removing sulfuric acid from

the sugar s}olution; the recovery of the adsorbed sulfuric acid from the polymeric amine
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resin particles was found to be difficult. To regenerate the resin, we still need to use
an alkaline to neutralize the adsorbed sulfuric acid; this will not reduce the acid and
the chemical cost for the overall process of acid hydrolysis of cellulosics as a part of
the ethanol fuel research effort.

The solid PA resin does remove sulfuric acid thus eliminating the need of adding
lime directly to the xylose /glucose solution. This will benefit the stability of xylose
isomerase, which is apparently of current interest to SERI in its overall ethanol pro-

If inancial support is made available, we will be able to carry out future work to
quantify the benefit of PA in prolonging the isomerase activity half life in a coupled
enzymatic isomerization and yeast fermentation process for producing ethanol from -
xylose in the acid hydrolyzate. '
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